Despite all of the many discrepancies and contradictions in the estimate of the water balance in the Barada Awaj basin, all the research and reports, both local and international, indicate that the basin suffers from water depletion. The agricultural sector is the largest consumer of water, and the area of land irrigated by the basin has risen significantly. Rapid population growth as a result of natural increase and massive immigration to the basin, piratical well-digging without permits, the failure to increase the area of land irrigated by modern methods and a decrease in rainfall and the drought that has affected Syria in general and the Barada Awaj basin in particular, have led to a water shortage in the basin during the first decade of this century.
Introduction
In Syria, like in many other countries in the Mideast, there are areas that are rich in water whose population is sparse, and in contrast, there are areas poor in water with a high population density. The Barada Awaj Basin is considered an area poor in water with a high population density. The water available in this basin is less than 5% of the water available in Syria, while the population of the basin is 29.7% of the country's total population [1] .
Between 1989 and 1992, groundwater hit a low point between Al-Zabadani and Damascus in the Barada-Awaj Basin. The groundwater level decreased at a rate between 3.1 mm per day, which is 1.1 meter per year, to a rate between 3.3 Damascus "the city is liable to be without water" and added that "if we do not intervene immediately we are likely to deal with a catastrophe of which we have not seen the like for the last 50 years." The authorities in Syria have taken steps such as developing additional wells and changing pipes in order to prevent leaks.
Despite this, Haluf states that disaster is likely to occur if more meaningful steps are not taken. In an interview in the Syrian newspaper Al-binaa on July 27 2008, Haluf emphasized that the supply of water from the Al-Figeh Spring, considered to be Damascus' leading supplier of drinking water, was at its lowest in 20 years [5] .
On July 20 th 2000, the Arabic News Agency reported that "groundwater in Damascus has reached a depth of 150 -200 meters in comparison to 15 meters in 1985, and the IRIN information agency reported that the head of the Japanese Agency for International Cooperation (JICA) in Syria Mr. Kazuhide Nagasawa said that in the next twenty years the groundwater level of the Barada-Awaj Basin is likely to fall to 400 meters below the surface [4] .
The Al-Figeh stream, which is a vital water conduit that flows into the Barada River, is running dry. Shibli Shammi, a public health engineer in Damascus University, estimates that "this stream is on the verge of totally drying up." In his article "Towards a Water Strategy in Syria", Shammi emphasizes that only 65% -70% of the total water resources in the Damascus region can be used (namely, 550 -595 million cubic meters of water per year). He estimates that the water reserves of Damascus will be sufficient for the next two years, and those in the Zabadani catchment basin for four years [6] .
Background
The surface of the basin is estimated at approximately 8596 square km, located in the southwestern part of Syria (see Figure 1 ). In the mountainous western portion of the basin, the climate is Mediterranean, and the central and eastern parts are semi-arid. Average yearly rainfall in the basin is 267 mm, and the amount of water collected in a year of average humidity reaches 2295 million cubic meters. The average volume of yearly water sources in the basin is 850 million cubic meters, while the major portion of water sources is located in the mountainous area of the basin [7] .
The direction of the flow of surface water in the basin moves from the mountainous portion to the Damascus Plain, with silt that comes with the water from the mountains. Groundwater-the basin is divided into 21 secondary hydrologic basins. Most of the Barada-Awaj water sources are from groundwater that surface as streams from seasonal springs. Their average flow is 18.9 cubic meters per second, namely 595 million cubic meters per year. The rest of the groundwater sources, whose annual average amount is estimated at 243 million cubic meters, collect in water-bearing layers (water layers) and are used through wells.
Surface water-rainfall-creates streams in seasonal wadis. Six dams have been built in a number of the wadis with a total catchment capacity of approximately 788 million cubic meters. In addition, a significant portion of runoff and melted snow reach the Barada-Awaj rivers. The average amount of surface water, related to the amount of rain and snowfall, reaches 12 million cubic meters per year.
As [14] .
The elevation of the area, referred to as "the Damascus Ghotta Basin" sprawls over the plain and central area between the fold mountains mentioned before.
The height of the area is from 710 meters at the foot of Mount Qassyoun to 588 meters in the area of the Al-Higaneh Lake (see Figure 2 ). [14] .
The Damascus Basin's climate is Mediterranean; the winter is slightly rainy with temperatures between 10˚C and 15˚C and the summer is hot and dry with temperatures of 25˚C -27˚C [10] [12] . At an elevation of 1500 -2000 meters, the temperature is likely to fall to −0˚C, and in the summer season it can reach as high as 42˚C. The average yearly temperatures from east to west range between 16˚C -17˚C in elevations less than 1000 meters, and from 4˚C -5˚C in elevations of up to 2800 meters. Relative humidity is essentially connected to temperature variations so that 60% -70% humidity prevails during the rainy months of January and February, while the humidity decreases to 24% -50% as recorded in July and August [12] . Rainfall occurs only in the rainy season, between November and May, and the larger part, between 55% and 60% during December and 
Barada River
The length of the Barada reaches 65 km with the area of the basin at 2400 square 
The Al-Awaj River
This is the second most important river in the Damascus Basin. This river is characterized by an annual flow regime. The length of the river reaches approximately 91 km and the surface area of the basin is 1480 square km. The river is fed by two streams, Jenani and Sebarani, which are fed by a large number of springs on the slopes of Mount Hermon (see Figure 2 ). In the course of its flow to the Damascus Ghotta, the river loses a significant part of its water as a result of usage, and its flow seldom reaches the Al-Hijaneh Lake. Its average annual flow under normal circumstances is 4.7 cubic meters of water per second, however in the past decade its flow decreased to 2.2 cubic meters per second, which is 70 million cubic meters per year. The river flows into the Al-Hijaneh Lake only in rainy seasons.
Population
The 
The Water Crisis in the Basin
The Barada-Awaj Basin is considered to be one of the basins confronting the challenge of water resources, and includes the highest percentage of population and density in comparison with other basins in Syria (nearly 23% of the total population of Syria and a population density of 670 inhabitants per km square [18] , which has led and will lead to an increase in water usage for human activity. On the other hand, the basin is considered closed, with great differences in temperature and amounts of precipitation between the eastern and western sides of the basin, and the repeated drought seasons that visited the basin only increased the pressure on its water sources.
A study done by JICA shows that Syria must invest billions of dollars in order to prevent a grave water crisis in Damascus. In 2004 the Japanese government funded the renovation of the water piping of Damascus costing 50 million dollars, and it plans to continue to invest a total sum of 5 billion dollars in projects transferring water from the Euphrates River to Damascus [19] .
There are many contradictions in evaluating the declarations and balances published by the various Syrian government offices and international agencies in everything having to do with water resources and their use in the drainage basin of the Barada-Awaj River region.
A report presented by Al-Shammi in his lecture and later quoted in [20] showed that the water balance in the Barada-Awaj Basin for 1995 was balanced, meaning that the amount of water pumped equaled the amount that was res- after the dry weather conditions continued for another two years consecutively [21] .
However, Kaisi Ali, in his article "Syrian Arab Republic Report" shows the water deficit in the Damascus Basin to be 423 million cubic meters [22] . Subsequently Mourad and Berndtsson 2012, showed the deficit to be 212 million cubic meters for 2008 [23] . Table 1 summarizes the differences between the various sources and compares percentages of water use for agricultural needs in the total water use in the various reports and studies. As can be seen from Table 1 , the agricultural sector is the principle consumer of water in the Damascus region, and this is reflected b all the data that are reported in the research and various reports. The deficit in the water balance ranges between 212 million cubic meters and 782 million cubic meters. The groundwater level descends becomes lower each day by 3.1 mm (1.1 meters per year). As a result, the level of groundwater between Al-Zabadani and the Damascus region has dwindled, with especially sharp descents between 1989-1992 [2] . This downward trend continued after 1992 as well, and especially in areas closest to the capital (See Figure 3 ).
If the over-pumping of water continues, mainly farmers who depend on rainwater will remain in the area, and others will have to abandon it. This situation is likely to create a real need to transfer water from other basins to the affected areas.
This sort of condition does not only characterize the Damascus region and its surroundings. The Syrian Ministry of Irrigation has declared that "all drainage basins in Syria, with the exception of the Euphrates and the coast, have suffered from a large water deficit due to the adoption of irrigation with surface water or expanding this method of irrigation." [21] .
Fluctuations in the Irrigated Area of the Basin
The Syrian Ministry of Irrigation acknowledges the overuse of water in agriculture. On August 16 2000 the ministry proclaimed the very ambitious and optimistic goal of modernizing irrigation methods. Likewise, a decision was made to reduce consumption per hectare to 7000 cubic meters of water within four years [21] ). The area irrigated in the Damascus region and its surroundings has been reduced in the last six decades from 86,000 hectares in 1955 to 61,000 hectares in 2010 (See Table 2 ). It is possible to claim that the irrigation water pumped from the Al-Figeh Spring constitutes half or more of this non-replenishing reservoir. The World Bank report shows that "a great low is developing in the groundwater between the Zabedani region and Damascus in the Barad-Awaj Basin [2] . In order to maintain balance in the basin, there is a need to reduce pumping in general and for irrigation in particular. This lack of balance has been worsening during periods of drought. The amount of rainfall falling on the basin in 2000 was 59% of the average yearly rainfall, and the year before it was 16% [21] .
The Decrease in Flow of the Al-Figeh and Barada Springs
However, the average flow of the Barada Spring is much less than that of the Al- Figeh 
Groundwater and the High Percentage of Unauthorized Wells in the Damascus Region and Its Rural Surroundings
The waters of the Barada River and the Al-Figeh Springs do not provide enough water for the needs of Damascus and its surrounding rural areas. These could be fulfilled for Damascus and its suburbs alone, but not for other areas. In the Ghotta plain there are seven main wells, dug by the Damascus Water Supply and Sewage Authority (DAWSSA), and in other areas more than 1000 secondary wells have been dug which provided approximately 30 million cubic meters of water [29] .
In 2005, the Syrian government demanded that farmers obtain permits for their extant wells. This step was taken in light of the government's annual plan.
The intention of the plan was to enable farmers to take loans from the central bank for agricultural tasks and to repay the loans after the harvest. Most of the Dir-Alzur, the percentage of unauthorized wells was more than two thirds greater than the general number of wells.
Likewise, the continuing droughts in the last three years have caused the groundwater level in the wells to deepen from 90 -100 meters to 120 -150 meters. This makes it necessary to invest more time and money into pumping water or to dry out wells completely [30] .
Unauthorized wells that were dug in the Barada-Awaj basin caused a decrease in groundwater. These wells were dug mostly for irrigation, and the majority, numbering in the thousands, were dug between 2000 and 2005.
A large part of the increase in water use is connected to the irrigation of wheat, cotton, citrus and sugar-beet fields. The price of pumping this water was subsidized by the government, therefore it did not influence the general yield production [31] . Irrigation is a strategy that can make agriculture more secure in arid areas such as Syria. Data show that crop and produce yields resulting from irrigation can reach five times that of those watered by precipitation alone [32] . The accelerated rate of growth in irrigated areas comes from the need to supply agricultural produce, and reliance on groundwater sources as well as surface water. The use of groundwater, especially for irrigation, rose dramatically in all of Syria from 0.6 million hectares in the middle of the 1980's to 1.2 million hectares by the end of the 1990's, which caused a large portion of the agricultural fields to change from being watered by rain to those watered by irrigation [33] . The high percentage of unauthorized wells in the Damascus area can be explained by lesser effectiveness in law enforcement in the capital as compared to other places. The concentration of army officers, ruling-party functionaries, and other members of the governing elite is the guilty factor here. Many of these individuals own country houses where they spend their weekends. Agriculture has become a form of investment in order to supply fruits, vegetables and poultry for the big city, which has grown quickly. Digging wells requires a permit that must be renewed every ten years. The price of irrigation is based on the size of the plot, and not on the quantity (volume) of the water necessary. Members of the stronger class violate this law [34] .
Mualla and Salman, in their 2002 article based on the Syrian Agricultural Ministry data, reported that approximately 16,425 unauthorized wells exist in Syria, making up 25% of the unauthorized wells that existed in 1998. Since August 2000, only 2367 illegal wells, which make up 11% of the illegal wells in 1998 in the Damascus area, were made legal in that period (see Table 3 ).
The Great Population Increase in Damascus and Its Rural Surroundings
The water deficit in the Damascus area is due to rapid population growth since the 1950's. The situation has worsened even more because of the water management policy that was instituted over the course of decades. Table 4 shows the development of population growth and density in the Barada-Awaj Basin between 1948 and 2011. From the table, one can clearly see an increase of 13 times the original number of inhabitants, and the consequent increase in population density, which in turn led to the decrease in available water per person annually, from 188 cube in 2000 to 147 cube in 2011 [18] .
The population in Syria numbered 3.3 million inhabitants at the end of 1948, and 20.8 million at the end of 2010, while the population in the Barada-Awaj Basin numbered 437,000 in 1948 and grew to 5,780,000 in 2011.
The growth rate of the Syria's population from the end of the 1940's to the end of the last decade reached 630%, while the rate of increase in the Barada-Awaj Basin in the same period reached 1320%. The population increase in the Barada-Awaj Basin was double that of the total in Syria in that period.
Failure to Increase the Areas Watered by Modern Irrigation Methods
Agricultural modernization is a complex process whose goal is to achieve fundamental change in the regulations and laws that affect irrigation management, in order to improve water supply service to users. The process includes, among According to the Syrian government decision No. 2166, the irrigated area will be equipped with modern irrigation technology within the next four years. This means that the area whose surface is 1,149,349 hectares must be equipped with this technical apparatus at a rate of 287,337 annually. The modernization policy aims at decreasing the annual use of water for one hectare from 12,434 cubic meters to 8000 cubic meters. The average amount of water required per hectare according to primitive irrigation methods is estimated at 14,446 cubic meters of water per year. The transition to the use of sprinklers is likely to decrease this quantity to 8920 cubic meters which would be a 38% conservation of water and a 31% increase in annual harvest.
In contrast, transition to the innovative irrigation drip system is likely to reduce water consumption per hectare to 6113 cubic meters, which would be a 58% conservation and a 35% increase in yearly crops [35] . Data from the Syrian agricultural ministry showed that the drip and sprinkler method has already been instituted in approximately 9800 hectares in the Damascus area of 170,000 hectares in all of the country [37] .
The area of farmland irrigated by modern methods in the Barada-Awaj Basin rose 33% from 3% in 1998 to 35% in 2009 (see Table 5 ), while at the same time the increase in use of modern irrigation methods rose only 29% in all of Syria, and the number of plots irrigated in the entire country did not rise above 282,000 in 2009. In addition, there were a number of fluctuations in this process, so that in some years the areas irrigated by modern methods de- 
Decrease in Average Amounts of Rainfall in General, and in the Damascus Basin and Its Sub-Basins
It is expected that the Middle East will experience from 20% -25% decrease in rainfall by 2050 which will lead to a decrease of up to 23% in the amount of water, and subsequently a decrease of between 30% and 70% in the flow of the rivers in the region.
The average rise in temperatures in the Middle East is likely to be up to 2.5˚C by 2050, which will cause water evaporation [39] [40] . Global climate models Figure 4 ). Figure 5 shows the annual rainfall for the Damascus district and its environs in all the various agro-climatic areas. One can clearly see from the graph that the amount of rainfall measured at the various stations between 1995 and 2009, with an average amount of 262 mm, were significantly less than the annual average which was 308 mm [44] .
Conclusions
Up until the 1990's, the water balance in the Barada-Awaj Basin was even; later the balance turned into a deficit with many contradictions in the reports of the amount of water in deficit.
Non-rational use of water resources in the agricultural sector led to a negative . Decreased rainfall in Barada-Awaj basin in general, and in Zabadani sub-basin in particular [28] cited from [43] . Figure 5 . Amounts of precipitation in damascus and its rural basin in various years [26] .
influence on this sector. Growing crops on farmland with no consideration regarding the availability of renewable and extant water led to a significant deficit in the Barada-Awaj Basin.
As a result, farmers in Syria must develop skills in the use of innovative irrigation techniques which will lead, as has been explained, to decreasing the use of water and an increase in crop yields. Moreover, the over-pumping from legal and illegal wells led to a significant decrease in underground water levels, changes Population increase had an influence on the diminution of water sources in this basin. In the period when the area's inhabitants numbered nearly half a million, there was no significant domestic use of water, but when the population reached nearly 6 million, the demand for water became significant and required the use of alternative sources. Finally, the decrease in rainfall in the area and a whole, and in the Barada-Awaj Basin in particular, has caused a substantial decrease in the filling of renewable aquifers.
